The physiologic causes of leukocyte turnover in homeostasis and during disease conditions are not well understood. It is believed that leukocytes are partly eliminated by programmed cell death or apoptosis 1-4 through phagocytosis by macrophages, dendritic cells, or neighboring cells. 5, 6 The efficient removal of dying cells is important in homeostasis, since it limits accumulation of cellular debris that could be potentially immunogenic or toxic. [7] [8] [9] However, the role of apoptosis in removing large numbers of cells in inflammation and during the resolution phase remains uncertain. Although human neutrophils undergo apoptosis spontaneously when cultured in vitro, the role of apoptosis in regulating neutrophil turnover in vivo is unclear. 6, [10] [11] [12] Apoptosis impairs cellular functions and might impair proinflammatory functions of neutrophils. 13 However, excessive neutrophil influx with loss of membrane integrity during late apoptotic events could contribute to neutrophil-mediated injury of surrounding viable parenchymal tissue. 14 Exuberant apoptosis may therefore be proinflammatory instead of anti-inflammatory, [15] [16] [17] presumably due to the release of cellular contents prior to phagocytic removal. In this regard, nonapoptotic neutrophils can be cleared by phagocytosis in vivo. 18 Finally, factors known to induce or to block apoptosis, such as ligation of Fas/FasL and expression of bcl-2, respectively, do not alter neutrophil turnover in mouse models. [19] [20] [21] [22] These studies suggest that unidentified factors may be involved in the phagocytic removal of viable, rather than apoptotic, cells.
Introduction
The physiologic causes of leukocyte turnover in homeostasis and during disease conditions are not well understood. It is believed that leukocytes are partly eliminated by programmed cell death or apoptosis [1] [2] [3] [4] through phagocytosis by macrophages, dendritic cells, or neighboring cells. 5, 6 The efficient removal of dying cells is important in homeostasis, since it limits accumulation of cellular debris that could be potentially immunogenic or toxic. [7] [8] [9] However, the role of apoptosis in removing large numbers of cells in inflammation and during the resolution phase remains uncertain. Although human neutrophils undergo apoptosis spontaneously when cultured in vitro, the role of apoptosis in regulating neutrophil turnover in vivo is unclear. 6, [10] [11] [12] Apoptosis impairs cellular functions and might impair proinflammatory functions of neutrophils. 13 However, excessive neutrophil influx with loss of membrane integrity during late apoptotic events could contribute to neutrophil-mediated injury of surrounding viable parenchymal tissue. 14 Exuberant apoptosis may therefore be proinflammatory instead of anti-inflammatory, [15] [16] [17] presumably due to the release of cellular contents prior to phagocytic removal. In this regard, nonapoptotic neutrophils can be cleared by phagocytosis in vivo. 18 Finally, factors known to induce or to block apoptosis, such as ligation of Fas/FasL and expression of bcl-2, respectively, do not alter neutrophil turnover in mouse models. [19] [20] [21] [22] These studies suggest that unidentified factors may be involved in the phagocytic removal of viable, rather than apoptotic, cells.
The removal of apoptotic cells occurs partly through tethering to phagocytic cells due to receptor-ligand interactions involving recognition of phosphatidylserine (PS) exposed on the surfaces of apoptotic cells. 23 Surface PS is recognized by a defined PS-receptor in macrophages 24 and by other receptors. [25] [26] [27] However, PS exposure in leukocytes can occur independently of apoptosis. 28, 29 Thus, factors that induce PS exposure independently of apoptosis may be involved in leukocyte turnover.
Recently, we showed that galectin-1 (Gal-1), a prototypical homodimeric member (subunit ϳ 14.5 kDa) of the galectin family, which has immunomodulatory functions, [30] [31] [32] [33] [34] can induce PS exposure in activated, but not resting, neutrophils, independently of cell death, while concomitantly rendering them sensitive to phagocytic recognition and removal. 35 We also found that the signaling pathway of Gal-1 in activated neutrophils is unique and involves elevations of cytosolic Ca 2ϩ and mobilization of PS through the actions of Src kinases and phospholipase C␥. 36 However, there are many conflicting reports about galectin's effects on leukocytes. Several groups have reported that Gal-1 induces apoptosis along with PS exposure in vitro of activated T lymphocytes and several T-leukemic cell lines. [37] [38] [39] It has also been reported that human Gal-2, a protein structurally related to Gal-1, induces T-cell apoptosis in vitro. 40 By contrast, Gal-4, another member of the galectin family with 2 tandemly-repeated carbohydrate-recognition domains, stimulates IL-6 production in CD4 ϩ T cells without accompanying apoptosis. 41 Thus, it is important to reinvestigate the activities of these galectins on activated human neutrophils and human T cells.
Here, we report that human galectins-1, -2, and -4 induce PS exposure in activated, but not resting, human neutrophils in a carbohydrate-dependent fashion independently of apoptosis. By contrast, Gal-1 does not induce apoptotic cell death or PS exposure in activated T cells, although it does induce PS exposure in T-leukemic MOLT-4 and CEM cell lines. Unexpectedly, we found that Gal-1 could induce PS exposure in T cells only when the cells
The recombinant forms of human galectins-1, -2, and -4 were prepared by established procedures. 35, 42, 43 The C2S-Gal-1 mutant was generated from human Gal-1 by site-directed mutagenesis as described. 44, 45 Expression and isolation of each of the recombinant proteins were accomplished as described. 35, 46 To ensure that galectin samples were endotoxin free, Detoxi-Gel Endotoxin removing gel (Pierce Biotechnology, Rockford, IL) was used. Endotoxin levels measured using the Limulus Amebocyte Lysate endotoxin detection kit (Cambrex, Rutherford, NJ) demonstrated that the final preparations of galectins used in experiments contained less than 0.04 ng LPS/mL. Derivatives of each galectin with ALEXA Fluor 488 C5-maleimide (Invitrogen, Carlsbad, CA) were prepared as described. 47 
Cell lines, isolation of human cells, and flow cytometry
Cell culture, isolation of human cells, cell-growth kinetics, and treatment with apoptosis-inducing agents were according to published procedures. 35, 36 Incubation of cells with galectins and the use of DTT were generally performed as described. 35, 39, 48, 49 Specifically, for T-cell isolation and activation, fresh heparinized blood isolated from healthy donors was diluted equal volume with PBS (Hyclone, Logan, UT) followed by density gradient centrifugation using Ficoll-Hypaque. Following centrifugation, the upper layer of plasma and platelets was carefully removed, followed by washing cells 3 times in HBSS. The cells were then resuspended at 1 ϫ 10 6 in complete RPMI (RPMI 1640, 10% fetal bovine serum, glutamine [2 mM], penicillin [100 mU/mL], and streptomycin [100 g/mL]). T-cell activation was accomplished treating cells with 8 g/mL PHA for approximately 4 days at 37°C in complete RPMI. Flow cytometric analyses were performed on cells dissociated by treatment with hapten sugars, 35 with the exception that thiodigalactoside (TDG) rather than lactose was required to dissociate cells incubated with Gal-4. Cell fragmentation following treatments was determined by analyzing changes in the forward-scatter and side-scatter properties of cells using a flow cytometer. 49 DNA fragmentation was assessed by the TUNEL assay or by analysis of hypodiploid DNA content. 49, 50 All samples were analyzed using Cell Quest software (Becton Dickinson, Mountain View, CA) with a minimum of 10 000 counts/sample. Each data set is representative of at least 3 independent experiments.
Results
Gal-2 and Gal-4 induce PS exposure in MOLT-4 and HL60 cells MOLT-4 cells and HL60 cells were treated with either Gal-2 or Gal-4, followed by analysis for PS exposure by staining with FITC-annexin-V using flow cytometric analysis. Annexin-V is the commonly used reagent to detect surface PS, since it specifically binds PS with high affinity 51, 52 and can interfere in vivo with recognition and uptake of PS-expressing apoptotic cells. 53 Both Gal-2 and Gal-4 induced surface PS exposure in both HL60 and MOLT-4 cells ( Table 1 ). The inclusion of 20 mM lactose with Gal-2 or 30 mM TDG with Gal-4 abrogated the induction of PS exposure, whereas sucrose had no effect (Table 1) . Of importance, the binding of Gal-2 ( Figure 1A ) and Gal-4 ( Figure 1B ) to leukocytes was also dependent on carbohydrate recognition. Pretreatment of either cell line with neuraminidase significantly enhanced both the binding of Gal-2 ( Figure 1A ) and Gal-4 ( Figure 1B ) and the ability of Gal-2 ( Figure 1C ) and Gal-4 ( Figure 1D ) to redistribute PS. PS exposure was maximal within approximately 2 hours in HL60 cells treated with 10 M Gal-2 or 3 M Gal-4 ( Figure 2A ). Galectin signaling in HL60 cells was dose dependent; Gal-4 was slightly more potent, inducing maximal effects around 2.5 M, whereas at least 10 M Gal-2 was required to obtain maximal effects ( Figure 2B ). These results demonstrate that binding of Gal-2 and Gal-4 to these cells induces PS exposure in a carbohydrate-and dose-dependent fashion.
Leukocytes induced to expose PS by Gal-2 and Gal-4 fail to display other known features of programmed cell death
We next examined whether the induction of PS exposure by these galectins was associated with loss of cell viability or apoptosis. MOLT-4 or HL60 cells were treated for 18 hours with either PBS ( Figure 3A ,D-E), 5 M Gal-4 ( Figure 3D ), or 10 M Gal-2 ( Figure  3B ,E), followed by the TUNEL assay to detect DNA fragmentation. Known inducers of apoptosis, camptothecin and etoposide in HL60 and MOLT-4 cells, respectively, produced extensive DNA fragmentation over this time period (Figure 3C-E) . By contrast, no significant DNA fragmentation was observed in galectin-treated cells ( Figure 3B ,D-E). Potential DNA fragmentation induced by galectins was also assessed using hypodiploid DNA content, as determined by PI staining. No increases in hypodiploid DNA content were observed following treatment of cells with either Gal-2 or Gal-4, although camptothecin-and etoposide-treated cells displayed extensive hypodiploid DNA content when treated over this same time period (data not shown).
To further determine whether cell viability might be affected following galectin treatment, MOLT-4 cells ( Figure 3F ) and HL60 cells ( Figure 3G ) were treated with 5 M Gal-4 followed by analysis for the number of viable cells excluding trypan blue using a hemocytometer. Treatment of cells with Gal-4 caused no significant alterations in growth rate, whereas treatment of cells with either camptothecin or etoposide caused loss of viable cells within 24 hours ( Figure 3F -G). Treatment of HL60 cells with Gal-2 produced similar results (data not shown). Another cellular feature associated with apoptosis is cell blebbing (zeosis) and cell shrinkage, 49 which can be measured by changes in light-scattering properties of the cell in flow cytometric analysis. 49 HL60 cells ( Figure 3H -J) were treated for 18 hours with Gal-2, and although the cells continued to express surface PS (data not shown), there was no significant change in the light-scatter properties of the cells Gal-2 47 49
Gal-2 ϩ lactose † 6 8
Gal-2 ϩ sucrose 47 49
Gal-4 37 68
Gal-4 ϩ TDG ‡ 4 10
Gal-4 ϩ sucrose 39 63
*MOLT-4 or HL60 cells were treated with 10 mM Gal-2 or 3 mM Gal-4 for 4 hours followed by detection for PS exposure. The data shown represent averages of duplicate determinations where the SE was less than 10%.
†Gal-2 was coincubated with either 20 mM lactose or 20 mM sucrose as indicated.
‡Gal-4 was coincubated with either 30 mM TDG or 30 mM sucrose as indicated.
( Figure Figure 3J ). These results demonstrate that both Gal-2 and Gal-4 induce PS exposure in these cell lines independently of cell death.
Activated neutrophils, but not activated T cells, are sensitive to galectin-induced PS exposure
To further explore the specificity of Gal-2-and Gal-4-induced PS exposure in blood leukocytes, we first examined responses of human neutrophils. Gal-4 induced significant PS exposure in fMLP-activated neutrophils, but had only a modest effect on resting neutrophils ( Figure 4A ). Treatment of cells with Gal-2 and Gal-1 also induced PS exposure in fMLP-activated human neutrophils ( Figure 4B ), but not in resting neutrophils (data not shown).
As a control, cells were treated with anti-Fas, a known inducer of apoptosis, 22 which also induced PS exposure ( Figure 4B ). However, treatment of fMLP-activated neutrophils with either Gal-1, Gal-2, or Gal-4 did not induce apoptosis, as measured by the TUNEL assay, whereas anti-Fas treatment induced apoptosis ( Figure 4C ). In addition, galectins did not induce cellular shrinkage of fMLP-activated neutrophils, whereas anti-Fas induced cell shrinkage ( Figure 4D ). These results demonstrate that Gal-1, Gal-2, and Gal-4 induce PS exposure in fMLP-activated, but not resting, neutrophils, independently of cell death. Since both Gal-2 and Gal-4 induced PS exposure independent of cell death in activated neutrophils, we next sought to determine whether Gal-2 and Gal-4 mobilize Ca 2ϩ as previously observed during Gal-1-induced PS exposure. 36 Resting and fMLP-activated neutrophils were treated with Gal-1, Gal-2, or Gal-4 followed by detection for changes in intracellular Ca 2ϩ . Similar to previous observations for Gal-1 36 ( Figure 5A -B), Gal-2 induced a rapid, yet transient, Ca 2ϩ flux in both resting and fMLP-activated neutrophils ( Figure 5D -E). However, both resting and activated neutrophils showed no changes in intracellular Ca 2ϩ levels following Gal-4 treatment ( Figure 5G-H) . In addition, both resting and activated neutrophils were responsive to Gal-1 following Gal-4 administration, indicating that the cells were sensitive to Gal-1-induced Ca 2ϩ mobilization ( Figure 5G-H) . In all cases, treatments of cells with either Gal-1, Gal-2, or Gal-4 induced PS exposure ( Figure 5C , F, and I, respectively). These results demonstrate that Gal-4 induces PS exposure through separate proximal signaling pathways distinguishable from those for Gal-1 and Gal-2.
Previous reports indicated that Gal-1 induces PS exposure in activated, but not resting, T cells, with accompanying apoptosis, 39 which is clearly different from the responses of activated neutrophils to galectins. To further explore the basis for this apparent difference, resting and PHA-activated T cells ( Figure 6A -B) were incubated with Gal-1 for 9 hours. Cell activation was confirmed by incubating cells with anti-IL-2R, anti-CD-3, anti-TCR-␣␤, or an isotype control followed by flow cytometric analysis. Unexpectedly, Gal-1 treatment of activated T cells from 3 different donors had no effect on PS redistribution ( Figure 6C ), although in parallel control assays Gal-1 induced PS exposure in MOLT-4 cells ( Figure  6C ). Thus, contrary to previous reports, Gal-1 is unable to signal PS exposure or apoptosis in activated T cells.
In the presence of DTT, galectin-1 induces PS exposure of activated T cells
In exploring the basis for these apparently conflicting results in comparison with other published studies, we noted that most previous studies included the reducing agent DTT in Gal-1 preparations used to treat cells, presumably to maintain Gal-1 activity. 39, 48 Thus, we titrated increasing concentrations of DTT into activated T cells treated with a uniform amount of Gal-1. Consistent with previous results, 39, 48 Gal-1 induced PS exposure in activated T cells, but only when DTT was included in a concentration-dependent manner ( Figure 7A ). Thus, while Gal-1 is able to induce PS exposure in fMLP-activated neutrophils, but not activated T cells, it induces robust PS exposure in activated T cells only after inclusion of DTT.
To address the possibility that Gal-1 might be losing activity during these treatments in the absence of DTT, thus affecting its potential activity toward activated T cells, we generated a mutant form of Gal-1, termed C2S-Gal-1, in which a key Cys residue at position 2 is changed to Ser. The C2S mutant form of Gal-1 retains 
activity for days in the absence of reducing conditions or hapten sugars such as lactose. 44, 45 When incubated at 37°C in the absence of DTT over 24 hours, the C2S-Gal-1 showed no appreciable loss in activity compared with freshly prepared C2S-Gal-1 ( Figure 7B ). The C2S-Gal-1 was comparable with wt Gal-1 in inducing PS exposure in MOLT-4 cells ( Figure 7C ). Additionally, the C2S-Gal-1 retained all carbohydrate-binding properties of the wild-type lectin toward a wide variety of glycan ligands (data not shown).
When activated T cells were treated with either wt Gal-1 or C2S-Gal-1, there was no increase in surface PS exposure ( Figure  7C ). However, when activated T cells were treated with wt Gal-1 or C2S-Gal-1 in the presence of DTT, they became responsive and PS exposure was apparent ( Figure 7C) . Furthermore, inclusion of 20 mM TDG abrogated the Gal-1 effect ( Figure 7D ). These results demonstrate that Gal-1 induces PS exposure in activated T cells only in the presence of DTT.
We next addressed whether Gal-2 or Gal-4 could induce PS exposure in T cells in the absence of DTT. Neither Gal-2 nor Gal-4 induced PS exposure in activated T cells ( Figure 8A ), although upon inclusion of DTT Gal-2 induced PS exposure (data not shown), consistent with previous observations. 40 Gal-2 behaved similarly to Gal-1, requiring reducing conditions to maintain complete activity over a 24-hour period (data not shown). However, Gal-4 was much less unstable and in fact was more stable than C2S-Gal-1, as evidenced by its ability to induce PS exposure in HL60 cells following prolonged incubation in the absence of DTT ( Figure 8B ). These results demonstrate that neither C2S-Gal-1, wt Gal-1, Gal-2, nor Gal-4 induce PS exposure in activated T cells unless DTT is included in the treatment.
We next tested whether Gal-1 can induce apoptosis in cell lines when coincubated with DTT, as reported by others. 39 We incubated MOLT-4 cells with wt or C2S-Gal-1 with or without DTT, and We next sought to determine whether the sensitizing effects of DTT on cells resulted from reduction and therefore potential alterations in cells' surface glycoproteins or receptors or whether DTT might exert its deleterious effects once it accumulates inside the cells. We treated cells with reduced glutathione (RG), a reducing agent that is impermeable to the plasma membrane. 54 As previously observed, cells treated with DTT became sensitive to Gal-1-induced cell death, experiencing increases in late apoptosis as evidenced by increased PI staining ( Figure 10A ) and cellular shrinkage ( Figure 10C,F) , when compared with controls ( Figure 10A-B,E) . However, cells treated with RG displayed no increase in sensitivity toward Gal-1-induced cell death (Figure 10A,D,G ). These results demonstrate that DTT sensitizes cells toward Gal-1-induced apoptosis through alterations in intracellular processes.
Discussion
Our results demonstrate that Gal-1, Gal-2, and Gal-4 induce PS redistribution in activated, but not resting, human neutrophils, and in leukemic MOLT-4 and HL60 cell lines, and that these changes do not accompany cell death. Of importance, activated T cells are not induced to expose PS in response to Gal-1, Gal-2, and Gal-4. These results demonstrate a novel and specific regulatory effect of galectins on leukocytes and further support the possible role of these galectins in the physiologic turnover of neutrophils.
A key membrane event in regulating neutrophil turnover is the externalization of PS, which commonly accompanies apoptosis and serves as a key recognition marker for the phagocytic recognition and removal of apoptotic cells. 55 However, the cellular processes and factors that cause PS exposure are not well understood. Our previous studies showed that human Gal-1 induces PS exposure in activated neutrophils independently of apoptosis, which is accompanied in vitro by their efficient recognition and phagocytosis by macrophages. 35 Our new studies show that Gal-2 and Gal-4 also induce PS exposure in Figure 5 . Gal-1 and Gal-2 but not Gal-4 induce Ca 2؉ flux in both resting and activated neutrophils. Resting neutrophils were treated with 10 M Gal-1 (A), 10 M Gal-2 (D), or 5 M Gal-4 followed by 10 M Gal-1 (G), followed by detection for changes in intracellular Ca 2ϩ levels. Resting neutrophils were activated with fMLP followed by treatment with either 10 M Gal-1 (B), 10 M Gal-2 (E), or 5 M Gal-4 followed by 10 M Gal-1 (H), followed by detection for changes in intracellular Ca 2ϩ levels. fMLP-activated neutrophils in parallel assays were treated with 10 M Gal-1 (C), 10 M Gal-2 (F), or 5 M Gal-4 (I) for 4 hours followed by detection of PS exposure. Error bars represent the standard deviation of duplicate samples. 
neutrophils but not in activated T cells. Of importance, Gal-4 induced PS exposure in the absence of Ca 2ϩ mobilization, although Gal-1-induced PS exposure requires changes in intracellular Ca 2ϩ , 36 thus suggesting that there are at least 2 separate proximal pathways whereby PS can be externalized in an apoptosis-independent manner. The increased potency of Gal-4 over Gal-1 and Gal-2 is likely due to the tandem repeat nature of the protein, since engineered tandem repeat forms of Gal-1 demonstrate significant increases in biologic potency. 56, 57 The ability of galectin family members to signal apoptosis independently of PS exposure corroborates growing evidence for apoptosis-independent mechanisms of leukocyte phagocytosis. 55 The ability of galectin family members to induce PS exposure may therefore provide an explanation for the ability of macrophages to recognize and remove neutrophils through nonapoptotic mechanisms. 18 Furthermore, the ability of galectins to induce changes enabling phagocytic removal without inducing concomitant apoptosis allows neutrophils to maintain membrane integrity, thus limiting the potential for the unregulated release of deleterious enzymes prior to phagocytic removal. [15] [16] [17] Consistent with this hypothesis, Gal-1 administration attenuates acute inflammation in vivo and protects parenchyma architecture during inflammatory episodes. 58 There is growing evidence that nonapoptotic processes contribute to regulating neutrophil homeostasis. For example, mice that overexpress bcl-2 in myeloid cells have impaired neutrophil apoptosis, yet they have normal numbers of neutrophils that are sensitive to phagocytic removal. 59 It appears that mechanisms regulating neutrophil turnover are partially distinct from those regulating lymphocyte turnover. For example, patients in whom bcl-2 is overexpressed, as occurs in follicular lymphoma, accumulate lymphocytes. 60 Similarly, patients with autoimmune lymphoproliferative syndrome due to inherited defects in Fas, a proapoptotic signaling receptor, exhibit lymphocytosis. 61, 62 However, these same patients often have normal or reduced neutrophil counts. 61, 62 Similarly, mice deficient in Fas or FasL display normal levels of circulating neutrophils and show no change in acute inflammatory responses, 21 further suggesting that the turnover of neutrophils and lymphocytes may be regulated by alternative pathways. This is also consistent with evidence that Kupffer cells phagocytose nonapoptotic neutrophils in vivo during inflammatory resolution. 18 Potential differences observed between lymphocyte and neutrophil turnover in vivo may partially explain why only activated neutrophils, but not activated T lymphocytes, are sensitive to galectininduced effects.
Our finding that Gal-1, -2, and -4 induce PS exposure in T-leukemic MOLT-4 cells, but not in activated T cells except when DTT is included, is novel and potentially resolves some long-standing controversies. Many studies have reported the effects of Gal-1 on cells in the presence of DTT 49 ; under these conditions, Gal-1 was reported to induce apoptosis of activated T cells, MOLT-4 cells, and CEM cells. 39, 49, 63, 64 The present study demonstrates that Gal-1-induced apoptosis in the presence of DTT results from alterations in cellular physiology and not a requirement to maintain Gal-1 activity. Thus, C2S-Gal-1, which is resistant to oxidative inactivation, does not induce apoptosis in the absence of DTT but only in its presence. It should be noted that the extracellular milieu is normally an oxidizing environment, 65 suggesting that reduction of normally oxidized cell-surface proteins may result in the increased sensitivity of For personal use only. on February 3, 2017. by guest www.bloodjournal.org From cells to Gal-1-induced death. However, the inability of reduced glutathione, a cell-impermeable reducing agent, 54 to sensitize cells to Gal-1-induced apoptosis demonstrates that the deleterious effects of DTT result from nonphysiologic changes induced by DTT inside cells. Although very low concentrations of DTT may be protective to cell stress, 66 higher concentrations of DTT, similar to those used in this and previous studies, 39, 49, 63, 64 have been used to induce the unfolded-protein response, cause changes in gene expression, inhibit protein synthesis, and generate free radicals, causing generalized cell stress, [67] [68] [69] [70] which often results in apoptotic cell death. [70] [71] [72] Thus, the DTT priming effect on cells is likely to be complex and could involve numerous pathways. Although we have shown that Gal-1, Gal-2, and Gal-4 do not induce apoptosis in T cells, we have not excluded the possibility that other galectin family members may affect T-cell viability. For example, Gal-3 has been shown to induce apoptosis in activated T cells in the conspicuous absence of DTT. 73 Future studies should examine the roles of other galectin family members in leukocyte viability in the absence of reducing agents.
The sensitivity of MOLT-4 and CEM cells, but not T cells, to Gal-1, -2, and -4 may arise from changes in the cell lines that accompanied neoplastic transformation. It is important to note that although both HL60 cells and neutrophils respond to galectin treatment, neutrophils respond only once they are activated, whereas HL60 cells are sensitive without a prior priming event. The ability of these galectins to signal through unique pathways in transformed cells may reflect potential roles for galectin family members in neoplastic disease. Recent studies suggests that PS exposure on tumor cells may serve as a decoy to phagocytic cells and trigger their release of antiinflammatory cytokines as a mechanism of establishing an immune-privileged environment. 74, 75 This could be especially important in light of evidence implicating various galectin family members in neoplastic disease. 76 Future studies are needed to address the roles of galectin family members in the regulation of innate immunity and in neoplastic-cell survival in vivo.
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